Despite many years of research, the reason why one person turns out to be a left-hander and another does not remains a mystery. Handedness is partly heritable (see Glossary): left-handed parents tend to have more left-handed children than right-handed parents do. Studies that compared identical twins to fraternal twins (see Glossary) show that the heritability is around 25% [1], which suggests a genetic contribution to hand preference. Note, however, that if handedness is only 25% heritable, then the majority of the factors contributing to left-handedness is not straightforwardly genetic. A much debated influence is the level of the hormone testosterone in utero (in the womb) while an unborn child (fetus) is developing. Another possibility is that handedness is influenced by random ("chance") processes that
WHY ARE YOU LEFT-HANDED?
Despite many years of research, the reason why one person turns out to be a left-hander and another does not remains a mystery. Handedness is partly heritable (see Glossary): left-handed parents tend to have more left-handed children than right-handed parents do. Studies that compared identical twins to fraternal twins (see Glossary) show that the heritability is around 25% [1] , which suggests a genetic contribution to hand preference. Note, however, that if handedness is only 25% heritable, then the majority of the factors contributing to left-handedness is not straightforwardly genetic. A much debated influence is the level of the hormone testosterone in utero (in the womb) while an unborn child (fetus) is developing. Another possibility is that handedness is influenced by random ("chance") processes that
While most people prefer to use their right hand to brush their teeth, throw a ball, or hold a tennis racket, left-handers prefer to use their left hand. This is the case for around 10% of all people. There was a time (not so long ago) when left-handers were stigmatized (see Glossary) in Western (and other) communities: it was considered a bad sign if you were left-handed, and left-handed children were often forced to write with their right hand. This is nonsensical: there is nothing wrong with being left-handed, and trying to write with the non-preferred hand is frustrating for almost everybody. As a matter of fact, science can learn from left-handers, and in this paper, we discuss how this may be the case. We review why some people are left-handed and others are not, how left-handers' brains differ from right-handers', and why scientists study left-handedness in the first place.
occur during the early development of an unborn child, when it is still very small. Regarding the heritable factors, researchers have found several genes which may be involved in handedness. Interestingly, it seems that there is not one gene which contributes to determining whether people are left-handed or not. Most likely, different genetic influences are involved.
Of course, children learn from their caregivers, so one may expect that if one of the parents is lefthanded, the child might become left-handed just by imitation. One reason why this cannot be the full story is that hand preference can already be observed before birth. Fetuses like to move around, and one can predict a child's hand preference reasonably well by looking at which arm and hand they prefer to move before birth, as can be seen with ultrasound of the brain in right-handers 2 . Although left-sided language areas in the brain are still important in left-handers, the difference between left and right sides tends to be less strong. A similar example comes from face perception, which is rightwardlateralized in the majority of people, meaning that mainly right-sided parts of the brain are responsive to faces. Again, left-handers tend to use both left and right regions of the brain relatively often when they see a face [5] .
DO LEFT-HANDERS THINK DIFFERENTLY?
Does this mean that left-handers think differently? Well, yes and no. There have been lots of suggestions of left-handers' increased creativity, but there is very little firm evidence on this. Increased musical abilities are another often-cited skill that left-handers might possess, but again, there is very little evidence to support this. Many claims about left-handers' superior skills are based on lists of famous musicians that circulate on the internet. While amusing, these lists span several decades of pop music, and you will find (if you try) that for every left-handed guitarist in such lists, you could easily come up with enough right-handed scanning [2] . This observation of fetal handedness is at odds with the finding that some children seem to switch their hand preference, at least up to the age of 2 [3, 4] . Perhaps some people are left-or right-handed at birth, whereas others develop their preference later on, during the first years of life.
Are you confused about what makes a person lefthanded or not? So are we! Whatever the exact causes may be, this is not a simple story, but a very complex interplay of genes, environment, and chance. Let us leave this topic for now, and have a look at the lefthanded brain.
IS THE LEFT-HANDED BRAIN DIFFERENT?
Sometimes, people are amazed to hear that the brains of left-handers are different from those of right-handers. But it is clear that they should differ in some respects: left-handers use their hands (and feet) differently than right-handers do, and they do this often over the course of a lifetime. It is only natural that the parts of the brain that control movements should be different in left-handers and right-handers ( Figure 1 ). Compare this to skilled musicians: they practice fine movements a lot, and this influences their brains 1 . To study exactly how the brains of left-and right-handers differ, we need to look at brain lateralization.
Brain lateralization refers to the fact that the left and right sides of the brain are not the same. The two sides differ in their anatomy, and also in what they do. By the way, lateralization is also found in the rest of the body: the two arms look slightly different, and are capable of doing different things; the heart is lateralized to one side of the body cavity, etc. Left-handers are distinct from righthanders in that they tend to have less lateralization in the brain. A well-known example of this is language, which is mainly a function of the left side FIGURE 1 -Brain activation when participants imagined performing common hand actions. Left-and right-handed participants imagined performing actions such as throwing or writing. It is striking that in left-handers (yellow), only areas of the right side of the brain were activated, whereas it was the opposite in right-handers (blue). Left-handers thus imagine themselves writing with their left hand, which is mainly controlled by the right hemisphere, and vice versa for right-handers. Picture from Willems et al [8] .
On a related note, left-and right-handers differ in how they judge positive and negative attributes of things in the space around them. In one experiment, participants had to judge "Fribbles" (nonsense figures; see Figure 2 ) in terms of honesty and intelligence. The figures were presented on either the left or right side of a screen. Left-handers rated figures presented on the left in more positive terms, and right-handers rated figures on the right in more positive terms [7] .
It seems that the way in which we do things with our hands influences our thinking, at least to some extent.
WHY DO WE STUDY LEFT-HANDEDNESS?
Left-handedness is an intriguing phenomenon in its own right. However, scientists do not study left-handedness just because it is a fun topic. Lefthandedness can shed light on diverse issues that go beyond the study of hand preference per se. Here are two more examples, in addition to the research we already described:
• Human uniqueness. Other primates (e.g., the great apes) do not show such a strong population bias toward using the right hand as humans do. Over the course of evolution, there must have been changes in the brain that resulted in most humans preferring to use their right hands, while at the same time maintaining a stable minority that prefers to do things with the left hand. Why was this case, and what could have been the advantages? The lateralization of language in the brain (see above) has led to speculation that early humans started to communicate with their hands first, and only developed spoken language later.
• Genes that create left-right asymmetries in the brain. Identifying genes that influence hand preference may shed light on the basis of lateralization of the brain and other body functions. How this arises during development is still poorly understood, but it is a very important aspect of our biology.
guitarists to match the usual 9:1 ratio of right-and left-handers in the population. Although there is no good evidence for left-handers being more gifted than right-handers, the opposite is also true: there is no clear evidence that left-handers perform more poorly on tests of cognition. This had been suggested for a long time (see our comment above on stigma).
Left-handers may think differently in another respect, though. A potent idea is that we understand action words like "writing" by using the parts of our brains that control our own movements, as though we were writing ourselves when we see or hear the word "writing. " This idea is sometimes called "embodied cognition. " It was tested by looking at activity of the left and right motor cortex (a brain region involved in movement) in left-and righthanded people while they listened to words such as "writing" [6] . Left-handers activated the motor cortex that controls their left hand, whereas right-handers activated the motor cortex that controls their right hand -as if they were really writing, while they were only listening to the word.
FIGURE 2 -Participants were asked to circle which of two "Fribbles" they thought was most intelligent, happy, etc. Left-handers rated Fribbles presented on the left side of the page as more positive, whereas right-handers did the opposite. The explanation for this finding was that left-handers act most fluently with the left side of their body, and right-handers with the right side of their body. Because of this fluency difference, positive and negative attitudes are also mapped onto opposing sides of space [7, 9] . 
SUMMARY

